Obesity is regarded as an important contributor to the increasing occurrence of gastroesophageal reflux disease. The aims of this study were to determine whether obesity is associated with gastroesophageal reflux in patients with gastroesophageal reflux disease and to identify the factors affecting increased acid exposure in obese patients.
Introduction
The prevalence of gastroesophageal reflux disease (GERD) has been increasing in Korea. 1 One important factor causing this increase is the prevalence of obesity, which has increased in Korea in the past few decades. [2] [3] [4] Several studies support an association between obesity and endoscopic erosive esophagitis. 5, 6 However, contrasting results have also been reported in different target groups and with different diagnostic criteria. [6] [7] [8] [9] [10] [11] [12] The reason why GERD is common in obese patients is uncertain, and several mechanisms are suspected. 10, [13] [14] [15] Central obesity could raise intragastric pressure, causing predisposition for reflux. There appears to be a dose-dependent relationship between GERD and obesity; that is, the higher the body mass index (BMI) and waist circumference, the greater the intragastric pressure and gastroesophageal pressure gradient (GEPG). Obesity is a significant independent risk factor for hiatal hernia, especially in Caucasians. 16 Recent manometry studies suggest that the pressure morphology within and across the esophagogastric junction is altered in obesity; for example, obesity increases intragastric pressure and the GEPG during the inspiratory phase of respiration. Obesity is associated with an increased frequency of transient lower esophageal sphincter (LES) relaxation and increased acid exposure. 10 Acid exposure times and other parameters of ambulatory pH monitoring are significantly greater in obese people compared with overweight and normal weight individuals in the Caucasian population.
11,12
The aims of this study were to determine whether obesity is associated with increased acid exposure in Korean patients with GERD and to identify factors affecting increased acid exposure in obese patients.
M aterials and M ethods

Subjects
We retrospectively analyzed the data of GERD patients who underwent ambulatory 24-hour pH monitoring and esophageal manometry from August 2001 to December 2008 in Seoul St. Mary's Hospital in Korea. Indications for pH monitoring included (1) patients who have reflux symptoms and a normal endoscopy, (2) patient who have suspected extraesophageal symptoms of GERD and (3) before fundoplication to ensure the presence of pathologic reflux and (4) patients who were referred due to suspected GERD. The key exclusion criteria were a history of gastric surgery, uncontrolled diabetes mellitus, stroke, achalasia or diffuse esophageal spasm, or concomitant peptic ulcer. We also excluded patients who were on antireflux medication at the time of examination.
Methods
All patients were given a self-administered validated questionnaire about reflux symptoms. 1 The questionnaire included questions about demographic characteristics, the frequency and severity of typical and atypical symptoms, medical or surgical history, and psychosomatic score. BMI was calculated as the ratio of weight (kg) to the square of height (m Twenty-four-hour esophageal pH monitoring was performed using an antimony pH catheter. Before the pH monitoring, patients were instructed to discontinue taking proton pump inhibitors and histamin 2 receptor antagonists for a minimum of 7 days and antacid for 48 hours. The pH sensor was placed 5 cm above the proximal margin of the LES, as determined by esophageal manometry. Patients were instructed to record the time of their meals and sleep, and any symptoms during the examination. We calculated the percentage time of pH ＜ 4 (% time of pH ＜ 4) using the following equation: minutes with pH ＜ 4/monitoring time (in minutes) × 100 for the total, upright, supine, and postprandial periods. Abnormal acid exposure was defined as the percentage time of pH ＜ 4 (% time of pH ＜ 4) in total period greater than 4.5%.
Esophageal manometry was performed using an eight-channel impedance manometric catheter (Sandhill Scientific, Highlands Ranch, CO, USA). Both perfused and solid state systems were used in this study. We measured the maximum LES pressure, GEPG, LES length and intra-abdominal LES length. We measured LES length as distance between the upper and lower border of the LES. Upper border of the LES is where the pressure drops to intrathoracic baseline pressure. Lower border of the LES is where the pressure exceeds the gastric baseline pressure by 2 mmHg or more. The intra-abdominal length of the LES is defined as the distance between the respiratory inversion point and the lower border of the LES. GEPG was calculated as the difference between mean intragastric pressure and intraesophageal pressure. Intraesophageal pressure was measured in the signal derived from the distal esophageal pressure sensor 5
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Statistical Methods
We used independent-sample t tests and analysis of variance for univariate analysis of single variables. Logistic regression analysis was used for multivariate analysis of factors related to increased esophageal acid exposure. A P-value ＜ 0.05 was considered significant. Statistical calculations were performed using SPSS for Windows software (version 17.0; IBM, Armonk, NY, USA).
Results
Patient Characteristics
A total of 366 patients were included in this study; 156 men (42.6%) and 210 women (57.4%) with mean age of 51 years and mean BMI of 23.0 kg/m 2 . According to the Asian-Pacific criteria for obesity, 18 were underweight, 152 normal weight, 104 overweight, and 92 obese. The demographic characteristics of the 4 groups are summarized in Table 1 . There were no differences in symptoms between the 4 groups. Overweight and obesity were observed more frequently in men. Underweight patients were younger than obese patients. Educational level was lower in obese patients than in the normal weight group.
Association Between Esophageal Acid Exposure and Body Mass Index
The percentage of the total time of pH ＜ 4 was higher in obese patients than in normal weight or underweight patients. A linear trend was noted between percentage of the total time of pH ＜ 4 and BMI (P ＜ 0.005). The percentage of the time of pH ＜ 4 in the upright and postprandial periods was significantly higher in obese group compared with other groups; this was not observed in the supine period (Table 2) . Acid reflux in the upright and postprandial periods correlated positively with the BMI (P ＜ 0.005 for each). The DeMeester score was also higher in the obese patients than in the normal and underweight patients, and showed a linear association with obesity (P ＜ 0.005). In our study, abnormal acid exposure was defined as ＞ 4.5 in % time of pH ＜ 4 in total period. Using this criterion, 17 obesity was associated with a 1.94 (P = 0.049) increased likelihood of abnormal acid exposure compared with normal BMI. Abnormal acid exposure in the upright period only was defined as ＞ 8.4% time of pH ＜ 4; using this criterion, 17 obesity was associated with a 3.35-fold (P = 0.011) increased likelihood of abnormal acid exposure compared with normal BMI. If abnormal acid exposure was defined as DeMeester score greater than 14.72, obesity was associated with a 1.90-fold (P = 0.046) increased likelihood of abnormal acid exposure compared with normal BMI. Demographic characteristics were compared between the normal and abnormal acid exposure groups (Table 3) . Abnormal acid exposure was defined as ＞ 4.5 in % time of pH ＜ 4 in total period. 17 The univariate analysis showed a significant association between abnormal acid exposure and being male, having a high BMI, and being a current smoker (P ＜ 0.05). Multivariate regression analysis showed that being male (OR, 2.23; 95% CI, 1.17-4.22) and obesity (OR, 1.41; 95% CI, 1.02-1.95) were independently associated with increased esophageal acid exposure ( Table 4) .
Esophageal Manometry Findings in Patients Grouped According to Body Mass Index
There was no difference in the LES pressure between the 4 groups ( Table 5 ). The total LES length shortened as BMI increased (P = 0.002), whereas the intra-abdominal LES length did not differ between the 4 groups. The GEPG increased as BMI increased (P = 0.048). There were same correlations in these 4 parameters of manometry between 2 groups classified by BMI, underweight∼normal BMI group versus overweight∼ obesity group. 
Discussion
We retrospectively reviewed the data for 24-hour pH monitoring and esophageal manometry of patients with suspected GERD to assess whether obesity is associated with increased esophageal acid exposure. We found a significant positive association between BMI and esophageal acid exposure. Our findings support the notion that obesity plays an important factor in GERD. The mechanism responsible for the relationship between GERD and obesity may be associated with shortening of the LES length and increasing of the GEPG.
Several Western studies have shown that obesity increases acid reflux. In a cross-sectional study of 206 patients, El-Serag et al. demonstrated that obesity was associated with a significant increase in acid reflux episodes, long reflux episodes (＞ 5 minutes), time of pH ＜ 4, and DeMeester score.
11 These significant associations were seen in the total, postprandial, upright, and supine pH measurements. Crowell et al. found similar findings over 48 hours of wireless pH monitoring in 147 subjects. 12 Acid exposure times during the day and night, number of acid reflux episodes, and longest episodes of esophageal acidification were significantly greater in obese subjects compared with overweight and normal weight individuals. Stacher et al. reported a positive correlation between BMI and esophageal acid reflux only in the upright period. 18 Combined pH impedance monitoring also showed that both acid reflux episodes and nonacid reflux episodes increase significantly as BMI increases. 19 In our study, significant associations were seen in the total, postprandial, and upright measurements, but not in the supine pH measurements. This may be explained by the small number of patients with pathological reflux in the supine period enrolled in this study. Western studies define obesity as a BMI ≥ 30 kg/m 2 and have usually compared GERD between obese people and those with a BMI ＜ 25 kg/m 2 . In contrast to Western countries, there are fewer obese patients and morbid obesity is rare in Korea. In our study, only one-fourth of patients were classified as obese, defined as ≥ 25 kg/m 2 according to the Asia-Pacific criteria.
Moreover, only 1% of patients had a BMI ＞ 30 kg/m 2 , the Western criterion for obesity. Despite the rarity of obesity in Korea, there was a linear trend between BMI and increased acid exposure, suggesting that obesity plays an important role in GERD.
How the pathophysiological mechanisms underlying obesity contribute to GERD is still not clear. Recent studies suggest that central or abdominal obesity, as measured by the waist-to-hip ratio, may be more important than general obesity, as measured by BMI. 20 A study using high-resolution manometry found that the pressure morphology within and across the esophagogastric junction is altered in a way that promotes GERD in obesity. 9 In particular, during the inspiratory phase of respiration, increased intragastric pressure and the GEPG correlated strongly with BMI. Our study also demonstrated that the shorter LES length and greater GEPG were observed in obese patients. There was a linear trend showing that the higher the BMI, the shorter the LES length and the greater the GEPG. These relationships suggest that central obesity can raise intragastric pressure, causing predisposition for reflux. The other possible mechanisms by which obesity plays a role in the development of GERD are through the development of a hiatal hernia 9, 14 or shorter intra-abdominal LES length. 15 An association between an increased frequency of transient LES relaxation and increased acid exposure has been reported in obese patients. 10 There were some limitations in this study. First, it was a retrospective study. Second, cases with endoscopically confirmed GERD usually did not undergo pH monitoring, which prevented them from being included in this study. Third, as this study was carried out at a tertiary referral hospital, the result cannot be generalized. In addition, obesity was evaluated only by body mass index in this study. Several studies reported the associ-ation between obesity measured by other parameter such as abdominal diameter, waist to hip ratio and GERD.
In summary, we found that obesity is associated with increased acid reflux in Korean patients with GERD. The positive relationship between BMI and acid reflux parameters underscores the role of obesity in the pathophysiology of GERD and the possible benefits of weight reduction in the management of GERD. Shortening of the LES and increases in the GEPG may be underlying factors contributing to the increase in acid exposure. Our study supports a causal relationship between obesity and GERD in Asian patients. Further research is required to explore obesity as a pathophysiological mechanism related to GERD. It is also worthy to explore whether weight loss improves GERD. 21 
